QUALITY OF GROUNDWATER AND AQUATIC HUMIC SUBSTANCES FROM MAIN RESERVOIRE OF GROUND WATER No. 333
. During the translocation from the mineral soil to the groundwater humus substances undergo changes in quantity and quality [Allahbakhh et al., 2014; Lydersen et al., 1996; Pisarek and Głowacki, 2005] . Humic substances, with predominating fulvic acids and their complexes with metal ions, represent the main component of dissolved organic carbon. Organo-mineral complexes play an important role as a significant factor determining the circulation of xenobiotics from the soil profiles to the ground water.
Therefore, their content, chemical properties and biological activity are different from humic substances extracted from soils. The solution chemistry of humic substances is influenced by functional group heterogeneity and variations in molecular size distribution is gaining considerable acceptance among researches studying dissolved organic matter [Ephraim et al., 1996] .
Aquatic humic substances are polar, yellow colored, organic acids that are derived from soil humus. The role of humic substances in water chemistry is receiving increasing attention because humic substances are known as complexes with metal ions, and they are implicated in the complexation or solubilization of pesticides and hydrocarbons in the aqueous environment [Aiken, 1985; Steinberg et al., 2003] .
The report presents the quality of ground water and properties of dissolved humic substances. We also studied the possibility of humic substances transfer from soil to underground water.
LOCALIZATION AND PROPERTIES OF INVESTIGATED AREA
The investigated area was located in the Main Reservoir of Ground Water (MRGW) No. 333 (Opole District, Poland). This region is situated in the western part of the Silesian Upland. The area where the erupting volcano went through Triassic limestone and formed sediments of basaltic cone on layers of limestone is nowadays protected as "St. Anna Mountain" Landscape-Protection Park. The limestone layers and their penetration by nonporous, little-eroding basaltic rocks created good conditions for karst phenomena. The bottom of the mountain and the adjacent areas are used for agricultural purposes. The farmers grow various crops and breed stock animals.
Soil profiles of this region represented mainly: Eutric Cambisols, Cambic Rendzinas, Stagnic Humic Gleysols, and Haplic Podzol, and showed profile differences in the content of floatable and colloidal particles (<0,02 mm, <0,002 mm), was presented in previous work [Pisarek and Głowacki, 2009] . Variability of the parent rocks (sand, sandy loam sandy grovel, clay silt, silt) and soil usage (intensive farming) influenced the development of the physico-chemical and chemical properties of soils of this region.
METHODS
Researches of groundwater quality in the region of St. Anna Mountain were carried out by taking the samples from 17 wells (situated nearby households) in the period between January and December (the same year).
The following parameters were determined in water samples (using ordinary methods): pH, conductivity, color, C total (calculated as COD-Cr after determination by the chromate method), dissolved phosphate, ammonium, nitrate, nitrite, content of CaCO 3 (calculated after determination of hardness).
The dissolved forms of phosphate were determined by a spectrometric method with vanadium-molibdenum-ammonium and zinc chloride as reducing agents. Nitrate was determined by a method with sodium salicylate, nitrite was determined with 1-naphtylamine and sulphanilic acid. Ammonium was determined with the Nessler indicator. COD-Cr was determined with ferroine as an indicator and Mohr salt. Hardness was determined with the use of the EDTA method in ammonium buffer.
Dissolved humic substances from groundwater were determined with the use of the method elaborated by Górniak [1995] . FTIR spectra of dissolved organic carbon (from groundwater) in 4000-400 cm -1 were taken. In soil samples (of MRGW area) originating from A horizons the following characteristics were determined: total carbon, according to the oxymetric method by Tiurin and the fractional composition of humic substances by the Kononowa-Bielczikowa [Kononova, 1966; Pisarek, 2003 ].
All analyses were performed in triplicates and the results (in tables and figures) are reported as their arithmetical averages. Correlation coefficients were done for all results.
RESULTS AND DISCUSSION
Small part of soil humic substances as "a water dissolved fraction" plays an in important role in the environment [Aiken, 1985; Artinger et al., 2000; Steinberg et al., 2003 ]. Dissolved organic substances at aquatic ecosystems comprises different types of organic compounds, some of which are produced autochthonously, but most are of allochthonous origin [Arvola and Tulonen, 1998 ]. The allochthonous fraction of dissolved organic substances consists of a broad spectrum of nonhumic and humic substances, including complex structures of aromatic and aliphatic groups. It may undergo elution into deeper layers of the soil profile as well as into ground waters and may participate in microorganism, metals and xenobiotics transportation. The type of the land used (agricultural or forest) determines plant production and the character of organic material introduced into the soil [Arvola and Tulonen, 1998; Mattson and Kortelainen, 1998; Zieliński, 2004] . A particularly large variety in the quality of dissolved organic matter was observed in soils under agricultural use with different farming practice. Aiken and Cotsaris [1995] found the type of soil had a large impact on the amount and character of dissolved organic matter infiltration to groundwater.
Variability of the parent rocks and soil usage (intensive farming) influenced the development of the physico-chemical and chemical properties of soils in the investigated area was presented in a previous work [Pisarek and Głowacki, 2009] . In soils of this area we observed varying accumulation of total organic carbon and quantitative differences in humic fractions. Analysis of fractional composition of soil organic matter indicates different carbon accumulation in isolated humic fractions (Figure 1 ). Substantial differences were observed in the quantity of humic substances isolated by the mixture of 0,1 M Na 4 P 2 O 7 + 0,1 M NaOH (fraction 1), which extracts free humic compounds and humic compounds associated with Ca, and non-silicate forms of R 2 O 3 isolated by 0,1 M NaOH solution (fraction 2). According to the described methods [Pisarek, 2003 ], the differences in the solubility of humic substances allow the calculation of the amount of carbon in humic substances associated with calcium (CHA Ca ). Transformation of organic matter in the investigated soils lead to the formation of these complexes in Eutric Cambisol and Rendzinas (profiles 1, 4 and 6). Our previous investigations [Pisarek and Głowacki 2009] showed also a clear differentiation in quality of dissolved organic carbon in the studied soils. The content of carbon in soil water solutions varied in the studied soils and showed simultaneously the differentiation in the quantity of dissolved forms of humic substances.
The depth of investigated wells was diverse and ranged from 0.9 to 12.5 m between ground surface and groundwater surface. Despite differences in appearance, water from various depths was characterized by pH between 6,24 to 7,85 ( Table 1) . Conductivity of this water was on an average level and indicated a medium value of the total dissolved salts.
The properties of all taken water samples differed significantly. The content of total organic carbon differed between 0,70 to 16,39 mg•dm -3 and their dynamics (expressed by coefficient of variation [V]) increased with concentration of C total ( Figure 2 ). The same relationship was observed for C humic (Figure 3 ). Between C total and C humic a strong correlation was calculated (r = 0,984 for January, r = 0,992 for May, r = 0,995 for November). It showed the possibility of translocation of the analyzed organic forms of carbon from the same source (probably from soils with intensive agricultural activity) to ground water.
The results show that aquatic humic substances from different places have dissimilar properties which differ from one another. Systematic differences are found among humic substances from different regions of the MRGW in Opole district. Such differences are considered to be caused by mixing humic substances infiltration from the soil. However, the quantity and quality of humic substances can also be created by the overlapping effects of different geochemical processes and human activity. These results were quite consistent with researches of Tremblay and Gagene [2009] . They observed that most aquatic humic substances were formed on land. Moreover, the formation on humic substances by sorption onto the mineral matrix can be promoted by large proportions of silt and clay. The content of dissolved forms of phosphorus in analyzed water was high. Acceptable value of phosphorus in ground waters, which are used, should not exceed 5 mg•dm -3 (by the Regulation of the Polish Ministry of the Environment [2008] ) and it was higher in six of the investigated water samples from January and one from December take off and excess over this limit was very large. In other wells the quality of water was better, the content of phosphorus was lower and it varied from 0,055 to 4,640 mg•dm -3 . In Poland, it is a typical content of phosphorus in ground water in agricultural areas. The content of CaCO 3 in analyzed water is very high and it results from the content of minerals in the ground -the occurrence of limestone in this region.
The content of the analyzed nitrogen forms varied and showed diversification between water samples. It was confirmed by high value of the variability index (Table 1 ). The colour of waters depends mainly on dissolved organic matter. High content of dissolved organic carbon in groundwater very often is due to the specific soil cover and human activity. The correlation between the value of water color, NH 4 + and the value of C total and C humic were high in January and December taken (Table 3 ). The correlation between these parameters in May samples was insignificant. This situation can be attributed to agricultural activity, mostly cultivation of plants.
The analysis of dissolved humic substances in water samples was made by the Górniak method [1995] . Results showed that the contents of C humic varied between objects and terms of determination ( Table 2) . Most of the dissolved humic substances were of terrestrial origin and showed no indication of significant removal during transit to the groundwater [Aiken and Cotsaris, 1995; Collins et al., 1986] . During the transport toward the groundwater these humic substances diluted in waters containing lower concentrations of carbon comparison with soil humic substances.
The analyzed groundwater contained mainly fulvic acids. Dissolved fulvic acids, an important part of dissolved organic matter, appeared more oxidized and were depleted in nitrogen and aliphatic structures compared to soil fulvic acids [Aiken and Cotsaris, 1995; Tremblay and Gagne, 2009; Watt et al., 1996] . Extraction of the analyzed humic substances demonstrated low content of aromatic particles (acidification did not separate humus substances into fractions). Our earlier studies confirmed this situation and showed that A 260 /A 330 (which characterize the quality of dissolved organic substances), according to Górniak [1995] and Gołębiowska [2004] ) are within the range of 2.14-3.60. This index also showed that groundwater lacks polymer particles and it does not contain great amounts of compounds with carboxylic groups. This is consistent with other literature values of character of Table 3 . Correlation coefficients between some parameters of the investigation (Table 2 ). This conclusion can be also confirmed by FT-IR-analysis (Figure 4) . In some organic substances of water samples we observed the same absorption zones as in soil's humus substances (similarity to soil's fulvic acids [Collins et al., 1986; Malcolm, 1990; Newcombe et al., 1997; Pisarek and Głowacki, 2005; Stevenson, 1994; Watt et al., 1996] ). A broad band at 3300-3600 cm -1 corresponding to stretching vibration of OH groups was present in each spectrum. Low vibration was observed at 2920 cm -1 (CH 2 and CH 3 aliphatic). The C=O vibrations in carboxyl and carbonyl groups and C=C aromatic bands in the 1600-1800 cm -1 region were so weak. The wide absorption region were found: 1440-1460 cm -1 (C-H aliphatic) and clear absorption at 1200-1275 cm -1 (attributable to a carboxyl groups and OH of phenols). There was a very wide and intense band in the region between 1000 and 1150 cm -1 (OH of tertiary alcohols and polysaccharides). These findings are consistent with trends observed in others papers [Aiken and Cotsaris, 1995 Summary, organic carbon adsorption in soils has been suggested as an important mechanism controlling organic carbon transport and leaching, and consequently the buffering of dissolved organic carbon concentration (involving mobile forms of humic substances) in water ecosystems [Mattson and Kortelainen, 1998 ].
